INTRODUCTION
A nterior cervical discectomy and fusion (ACDF) is a widespread surgical procedure used to treat degenerative disease of the cervical spine. This procedure allows for ample neural decompression, the restoration of cervical lordosis as the optimal configuration, and achievement of solid bone fusion, resulting in spinal stability. The early surgical technique advocated by Smith and Robinson included the use of iliac bone autografts for bone fusion, 1 but patients undergoing autograft harvesting suffered various complications at the donor site. Thus, neurosurgeons began to use polyetheretherketone cages, titanium cages, and allograft bone to prevent these complications. 2 Since then, allografts have been reported to be inferior to autografts for interbody fusion, resulting in greater interspace collapse and angulation, increased failure rates, and an increased rate of radiographic nonunion. 3 Recently, a systematic review comparing the efficacy and safety of ACDF Key words -Age distribution -Allograft -Anterior cervical discectomy and fusion -Lordosis -Outcome
Abbreviations and Acronyms ACDF: Anterior cervical discectomy and fusion BMI: Body mass index NDI: Neck disability index RLN: Recurrent laryngeal nerve VAS: Visual analog scale procedures that used either titanium cages or iliac crest autografts indicated similar rates of interbody fusion and outcomes among 277 patients. 4 Some authors have also used bioabsorbable implants, including anterior spinal interbody reconstruction with cervical spacers and biodegradable instrumentation. [5] [6] [7] [8] Few studies to date have investigated ACDF treatment outcomes with osseous allografts, however.
Our understanding of cervical lordosis and the correction of cervical deformity continues to evolve. Kyphosis is the most common degenerative deformity of the cervical spine, and its correction results in improved clinical outcomes. 9 Nevertheless, the exact degree to which restoration of cervical spine lordosis contributes to the overall outcomes has not been not well elucidated. Furthermore, the aging population means increasing numbers of patients of advanced age who are potential candidates for cervical spine surgery and who often have significant comorbidities. Treatment outcomes in this subgroup of patients require particular assessment, and have not been investigated adequately so far.
To our knowledge, this is the first study to investigate all the relevant clinical parameters of ACDF outcomes using osseous allografts after partial endplate drilling. We also studied results on restoring cervical lordosis after surgery. In addition, we evaluated the utility of bone allograft for ACDF, including graft subsidence. Finally, we compared all outcomes among 3 different age subgroups of ACDF patients to identify any differences in any outcome parameters across age groups.
METHODS
Our study cohort comprised consecutive patients who underwent surgery performed by the senior author (K.I.A.) at a single institution over a 3-year period (January 2011eDecember 2013). We reviewed all patients who had undergone ACDF surgery during that period. We then excluded all patients who had undergone previous ACDF surgery or a previous operation of any kind on the cervical spine. That left us only with patients who underwent firsttime surgery for cervical degenerative disk disease. Basic demographic data were recorded for all included patients. The investigated sample was intended to be as homogeneous as possible with respect to demographic characteristics, presenting diagnosis, and number of cervical levels operated on. This was tested statistically. Patients were also screened for tobacco consumption and the presence of diabetes. Body mass index (BMI) was calculated for each patient as well. 10 This study was approved by the hospital's Institutional Review Board.
The patients were divided into 3 subgroups according to age: 20e39 years, 40e59 years, and ꢀ60 years. The outcomes for each subgroup were analyzed separately to identify any differences that may be dependent on age before being analyzed together and compared.
In all patients, magnetic resonance imaging of the cervical spine was done preoperatively with conventional techniques. Preoperative assessment also included anterior-posterior, lateral, and flexion and extension lateral radiographs. The main degenerative pathology was assessed by an independent radiologist. The surgical approach was planned to address all clinically symptomatic cervical levels in the patients with radiologically documented compression. Diagnostic studies during postoperative follow-up included postoperative functional lateral radiography in flexion and extension performed at 6, 12, 18, and 24 months, as the criteria used for fusion assessment. In all indicated cases with any question regarding fusion, computed tomography scans of cervical spine thin cuts with sagittal and coronal reconstruction were performed. Images were analyzed by an independent neuroradiologist.
The surgical technique included a standard left-sided anterior approach to the cervical spine to prevent injury to the right recurrent nerve. Occipitomental traction was applied preoperatively with a chin strap to facilitate positioning and stability. The anterior surface of the cervical spine was exposed routinely, and radical decompression was achieved through discectomy, osteophyte ablation, and drilling of the cranial and caudal cartilaginous endplates, as well as a foraminotomy involving 2 nerve-root pairs for each level addressed. Fusion was achieved with cortical or corticocancellous grafts (Cornerstone SR and Cornerstone ASR; Medtronic Sofamor Danek USA, Memphis, Tennessee, USA), demineralized bone matrix (Progenix DBM Putty; Medtronic Sofamor Danek USA), and an anterior cervical plate and screws (Atlantis Vision Elite; Medtronic Sofamor Danek USA).
Radicular and axial pain intensity was assessed in all patients before and after surgery using a self-administered and self-reported visual analog scale (VAS). 11 Patients' preoperative and postoperative neurologic status was expressed semiquantitatively as follows: Each patient's status was assessed by an independent neurologist, and the overall treatment outcome was assessed using Odom's criteria 12 as the validated standardized outcome measure. The Neck Disability Index (NDI) questionnaire was used for additional assessment of preoperative clinical status and postoperative outcome. 13 All patients were followed up for at least 2 years after surgery. Each patient's cervical spine configuration was assessed on digitally processed cervical spine radiographs before and after surgery according to Benzel's criteria 14 ( Figure 1 ). The cervical spine configuration was defined accordingly as lordosis, straight spine, or kyphosis. A quantitative analysis of each patient's preoperative and postoperative cervical spine configuration was done using the posterior tangent angle according to Harrison 15 ( Figure 2 ). This method involves measuring the angle between tangents drawn at the posterior aspects of the vertebral bodies of C2 and C7, with negative values denoting kyphosis. Postoperative functional lateral radiographs in flexion and extension performed at 6, 12, 18, and 24 months were the criteria used for fusion assessment. In all indicated cases where there was any question regarding fusion, computed tomography scans of cervical spine thin cuts with sagittal and coronal reconstruction were performed.
The relationships among preoperative and postoperative pain intensity, neurologic status, cervical spine configuration, patient age, tobacco consumption, presence of diabetes, BMI, and treatment outcomes were analyzed.
All data were statistically analyzed with appropriate parametric and nonparametric tests using SPSS version 20.0 (IBM, Armonk, New York, USA). A significance level of a ¼ 0.05 was used to interpret results.
RESULTS
The study included 154 consecutive patients, predominantly females (100, vs. 54 males, a statistically significant difference), with a mean age of 51 years (range, 27e80 years) and a median duration of symptoms of 6 months (range, 1e84 months). There were 27 patients (17.5%) in the younger subgroup (20e39 years), 73 patients (47.4%) in the middle subgroup (40e59 years), and 54 patients (35.1%) in the older subgroup (ꢀ60 years). Demographic details of these patients are presented in Table 1 . The mean age of patients with diabetes and those without diabetes differed significantly (56.4 years vs. 49.6 years; P < 0.01, t test). The patients' mean BMI was 30.36 ꢁ 5.58, and no correlation was observed between patient age and BMI (Spearman's correlation coefficient, r ¼ ꢂ0.029; P ¼ 0.719). Cortical allografts were used in 51 segments (16.3%), and corticocancellous allografts were used in 262 segments (83.7%). No allografts other than bone were used. Solid fusion was achieved in 97.92% of patients and 98.37% of levels at a mean follow-up of 5.97 ꢁ 2.86 months. Graft sizes ranged from 8 mm to 15 mm. The most frequently used graft size for fusion was 11 mm (119 levels; 38%), followed by 10 mm (72 levels; 23%) and 12 mm (70 levels; 22.4%) (Figure 8 ). Other graft sizes were used only sporadically.
The median duration of follow-up was 24 months, and no patients were lost to follow-up. Preoperative spine configuration included kyphosis in 24%, loss of lordosis in 33%, and lordosis in 42%. Postoperative spine configuration improved; kyphosis was noted in 6.5%, loss of lordosis was noted in 32.5%, and lordosis was present in 61%. Postoperative spine configurations are shown in Table 2 (Figure 9) . A statistically significant difference also was observed between preoperative and postoperative cervical spine configurations assessed with Benzel's criteria (P < 0.01, Wilcoxon test), and as measured by the posterior tangent angle according to Harrison (P < 0.01, t test) ( Figure 6 ). Improvement in cervical spine configuration assessed with Benzel's criteria (from kyphosis to straight spine, or from straight spine to lordosis) or preservation of preoperative lordosis was achieved in 114 patients (74%). No improvement or further decline in cervical spine configuration was noted in 40 patients (26%). Graft subsidence was noted in 301 allograft implants (96.17%). The mean subsidence value was 7.12 ꢁ 4.44%.
Postoperatively, the median axial and radicular pain intensity assessed with the VAS was 2 (range, 1e8). Figure 5 compares preoperative and postoperative pain VAS scores. The postoperative neurologic status of patients and spine configuration details are shown in Table 2 . A statistically significant difference was observed between preoperative and postoperative pain intensity (P < 0.01, Wilcoxon test), and between preoperative and postoperative neurologic status (P < 0.01, Wilcoxon test). The mean preoperative NDI was 61.15 ꢁ 13.71, and mean postoperative NDI was 14.25 ꢁ 3.21. A statistically significant difference was observed between these values (P < 0.01, t test).
Treatment outcomes assessed by using Odom's criteria were excellent in 66 patients (42.9%), good in 61 (39.6%), fair in 24 (15.6%), and poor in 3 (1.9%), regardless of age ( Figure 10) . No postoperative mortality was noted in this series. Morbidity included 1 patient with transitory dysphagia and 1 patient with Horner's syndrome.
No statistically significant difference in patients' age was observed among 4 categories of treatment outcomes according to Odom's criteria (P ¼ 0.613, KruskaleWallis test) ( Figure 11 ). The outcomes among 3 different age subgroups of patients did not differ significantly. No statistically significant difference in treatment outcome was noted between patients with and without diabetes (P ¼ 0.835, ManneWhitney U test) or between smokers and nonsmokers (P ¼ 0.104, ManneWhitney U test). Furthermore, no statistically significant difference in treatment outcome was observed between patients in whom an improvement in cervical spine configuration or preservation of cervical lordosis was achieved and patients with unsuccessful lordosis restoration (P ¼ 0.112; ManneWhitney U test). Regarding the dominant degenerative pathology, no statistically significant difference in outcomes was observed between patients with cervical spondylosis and those with soft disc herniations (P ¼ 0.724, ManneWhitney U test). Finally, no statistically significant difference in BMI was observed between patients with different treatment outcomes (P ¼ 0.199, analysis of variance), and no statistically significant difference in treatment outcome was noted between female and male patients (P ¼ 0.596, ManneWhitney U test).
DISCUSSION Demographics
Our study included 154 patients, the significant majority female. Some investigators have speculated that disc degeneration in general depends on estrogen, 16, 17 which may partly explain the female predominance.
The mean patient age of w50 years corresponds to the pathophysiology of cervical spine degenerative disease. Patients with soft disc herniations were generally younger than those with cervical spondylosis, as might be expected. However, we found no differences in outcomes across age subgroups, leading us to conclude that osseous allograft ACDF is not influenced by age-related parameters.
Surgical Technique
The cornerstones of the surgical technique used in this series are a left-sided approach and partial endplate cartilaginous drilling. None of the 154 patients in our series had permanent hoarseness or other signs of a recurrent laryngeal nerve (RLN) injury, which can be explained by the fact that these were patients with firsttime ACDF surgery and not revisions. Erwood et al. 18 reported a greater risk of hoarseness and dysphagia with repeated ACDF surgery resulting from RLN palsy compared with published rates of RLN injury after primary ACDF operations. None of the 154 Figure 6 . Preoperative and postoperative cervical spine curvature measurements using the posterior tangent method according to Harrison. patients in our series had permanent hoarseness or other signs of an RLN lesion. We have not encountered any difficulties with injury to the thoracic duct during an approach from the left.
The allograft size (height) used to achieve solid bone fusion was between 10 and 12 mm in the vast majority of cases (83%). The use of these larger allografts is subsequent to decompression of the cervical medulla in the craniocaudal direction to an extent that enables foraminotomy for 2 pairs of nerve roots at each level. It does not imply that excessive traction was used to fit grafts into intervertebral spaces, because our technique included partial drilling of endplates to remove cartilaginous part and improve fusion. Therefore, slightly taller allografts could be used without overdistraction. This does not imply that excessive traction was used to fit grafts into intervertebral spaces. Obviously, excessive traction should be avoided, to prevent putting tensile forces on zygapophyseal joints. We were not able to identify any studies in which the authors reported allograft sizes, but we hypothesize that the use of slightly taller allografts contributed to better restoration of lordosis. Interestingly, graft subsidence was noted in the majority of levels (95%), but mean subsidence was only 7%.
Anterior cervical plates and screws were used in all patients. The importance of a plate in load sharing is recognized, especially in patients with a kyphotic cervical spine. 19 The improved fusion rate and negligible complication rate associated with anterior cervical plating are compelling factors to justify its use in the treatment of cervical spondylosis. 20 Transitory Horner's syndrome was noted in 1 patient, resulting from injury to the sympathetic chain. This injury was likely due to retraction of the anterior longus colli muscle toward the uncovertebral joints, which enables safer orientation to the vertebral artery during foraminotomy. It should be noted that the vertebral artery can be found within 1 mm of the lateral surface of the uncovertebral joint. 21 It also should be emphasized that osseous allografts have multiple width and height sizing options. These grafts have proven to be an outstanding option for our patients, and their use precludes the need for tricortical ilium autografts. 22 
Clinical Outcomes and Cervical Spine Configuration
In the vast majority of patients (74%), we were able to improve the cervical spine configuration or maintain preoperative lordosis. However, we have not been able to demonstrate a positive effect on overall treatment outcomes, which can be attributed to generally favorable results in the majority of patients, as well as to a relatively short follow-up period of 2 years. In other words, patients generally did very well postoperatively, and it was difficult to detect minute differences between very good and excellent clinical outcomes. We can speculate that the positive effects of an improvement in cervical spine configuration can be observed after a longer (5-or 10-year) follow-up. Furthermore, some studies have demonstrated the influence of ACDF on not only cervical but also whole-spine alignment, including thoracic kyphosis, lumbar lordosis, and whole sagittal balance. 23 Our results also imply that it is not necessary to use wedge-shaped implants with a predefined lordotic angle to restore cervical lordosis; implants with parallel surfaces with adequate decompression and strategic drilling of vertebral bodies can achieve the same result.
Further questions arise regarding dynamic analysis of the cervical spine after fusion. Lin et al 24 compared dynamic radiographic changes of the cervical spine among patients with 1-, 2-, and 3-level fusion with a cage, and concluded that more extensive surgery improves lordosis, but at the expense of reduced range of motion.
A systematic review of trials to determine which ACDF technique provides the best outcome analyzed 4 studies (with a total of 220 patients) that compared fusion with autograft with any kind of allograft. 25 The authors concluded that the treatments examined in this comparison were too clinically heterogeneous to allow an analysis of which technique results in better outcomes. In addition, a systematic review was performed to evaluate clinical and radiographic outcomes in different ACDF studies that used allograft versus autograft, cage devices, and cervical disc arthroplasty. 26 This review found similar improvements in pain, functioning, and quality of life for all ACDF procedures, ensuring high bone-fusion rates. In other words, maintaining the lordotic curve to prevent adjacent segment disease can be achieved with various implants. Based on our experience, bone appears to be an excellent and natural allograft choice. Simultaneously, the authors stressed that allogeneic bone grafts have an excellent safety and effectiveness profile. In a recent retrospective comparative study of 126 patients, Schulz et al. 27 reported that cages are a safe and effective alternative to autogenous bone graft, associated with significant improvements in clinical and radiologic outcome parameters. In a recent systematic review and evidence-based analysis of the effectiveness of biologically active graft alternatives, such as demineralized bone matrix in ACDF, patient-reported outcomes were not inferior compared with those associated with autografts and other bone substitutes, whereas outcomes associated with fusion and preservation of cervical lordosis were acceptable. 28 Obviously, additional studies on static and dynamic biomechanics after cervical fusion are needed.
We measured cervical spine configuration using a semiquantitative method 14 and a quantitative 15 method. According to our findings, these 2 measures of cervical spine configuration are closely correlated. For everyday clinical practice, we believe it sufficient to use Benzel's method as a quick and reliable means of assessing the cervical spine configuration.
Regarding overall treatment outcomes, we achieved excellent and good outcomes in more than 80% of patients, regardless of age. Most had complete remission of their preoperative symptoms or had only minor residual complaints. The most obvious treatment effect was decreased pain intensity reported on the VAS, from a median of 8 to a median of 2. This decrease can be explained by the meticulous decompression of neural structures, which promptly diminishes radicular pain. Eighty percent of patients had no neurologic deficit postoperatively, and only 1 patient had persistent symptoms of compressive myelopathy. An important finding of this study is that treatment outcomes were independent of patient age, presence of diabetes, tobacco use, BMI, or type of compressive pathology (soft disc vs. spondylosis). Although whether smoking affects treatment outcomes is unclear, a recent study showed that patients with a history of smoking should be considered higher-risk surgical candidates for ACDF. 29 Patients should be selected for surgical treatment based on their symptoms and radiologic findings alone rather than on their age, possible comorbidities (e.g., diabetes, obesity), or other factors. Emphasizing this finding is important, given a recently reported study of neurosurgeons' opinions on patient selection for ACDF identifying age >65 years and the presence of diabetes as negatively influencing treatment outcomes. 30 Nonetheless, the average age of patients undergoing surgery for cervical spine degenerative disease is steadily increasing. 31 Instrumented ACDF is both effective and durable, resulting in a favorable cost per qualityadjusted life-year gained compared with other widely accepted health care interventions. 32 Yue et al. 33 reported a similar study analyzing ACDF with allograft and plating, but with a somewhat longer follow-up (7 years), which demonstrated improved cervical lordosis in the majority of patients. The authors did not examine any correlation between the restoration of lordosis and clinical outcomes. They also reported good clinical outcomes in more than 80% of patients. Nevertheless, as noted by Hu et al., 34 restoring cervical alignment may contribute to improved clinical outcomes in patients undergoing 1-or 2-level ACDF surgery, and maintaining global cervical sagittal alignment is an important surgical factor in patients with ACDF.
To the best of our knowledge, this is the first study to investigate all the relevant clinical parameters of ACDF using osseous allograft after partial endplate drilling, including radiologic and clinical outcomes with particular emphasis on restoring cervical lordosis. In addition, we evaluated the utility of bone allografts for ACDF in a relatively large series of patients. We also studied and compared outcomes across 3 age subgroups of patients. Study limitations include a relatively short follow-up of 2 years, the retrospective design, and the subjective character of VAS selfreporting.
CONCLUSIONS
ACDF with osseous allograft and partial endplate drilling is effective for restoring cervical lordosis, resulting in excellent treatment outcomes regardless of patients' age. The use of bone allografts is an excellent choice for anterior cervical fusion with high rate of fusion and low mean subsidence rate. Older patients (ꢀ60 years) and patients with co-morbidities have equally beneficial outcomes after this procedure and should not be denied surgical treatment.
